Survey of helium in natural water wells and springs in southwest Montana and Imperial Valley, California Part V -January 1 -December 31, 1982
The purpose of this report of a continuing project is to compare the relationship of changes in the helium content of natural water wells and springs and the occurrence of earthquakes. Bulashevich and Bashorin (1974) reported marked changes of helium in wells preceding an earthquake which suggests that this technique may be employed to predict earthquakes. Work on this project in previous years is described by Doerinq and others (Doerinq and Friedman, 1980a , 1980b , 1982 , and Doering and others, 1981 .
We received and analyzed for helium water samples from fourteen wells or springs located northwest of Yellowstone National Park and also samples from six wells in the Imperial Valley of southern California. These stations are located in the Hebgen Lake area of Montana and the Imperial Valley in California and were selected because they are in active seismic regions.
Samples from six stations were recieved for only part of 1982. Table 1 The sample collectors use a plastic syringe fitted with a stop to withdraw about 9 milliliters of spring or well water and then inject it-into a partially evacuated glass collection tube. Usually a sample is collected each day. After five samples are collected they are mailed to the Geological Survey laboratory at the Denver Federal Center, where the gas in the ullage space above the water in the sample tube is extracted and analyzed mass spectrometrically for its helium content. The method of analysis is given in Doering and others, 1981. The analytical precision is ±5%. An additional ±15% error is due to variations in the stations due to temperature variations, amount of water collected, and the method and daily time of sample collection. At the stations that are wells just prior to collection there may have been a large flow of water and at other stations no water was being used. There seems to be more uniform data from the stations that are free flowing springs. These springs are stations 307, 310, 313, 314, and 318. The total precision of collection and analysis is about ±20%. The daily record of the amount of helium present at each station is shown on Figures 3 through 22. Since there are large concentration differences of helium from the stations four scales are used to report the data. Numerical Julian dates are given on these graphs. These dates can be converted to the regularly used calendar dates by using At station 301 there was a sudden decrease in helium on day 280, which is 14 days before the first of three earthquakes beginning on day 294.
Earthquakes also occurred on days 299 and 308. The helium content from this station remained low until about day 297 when it gradually increased. However, on day 117 there was a sudden helium decrease that continued for fifty days. This indicates that the decrease beginning on day 208 may not be related to the three earthquakes.
At Thexton Hot Springs, station 318, there was a large helium increase on day 282, which is 12 days before the three earthquakes beginning on day 294.
From that date until day 311 the helium content decreased rapidly. After day 311 the average helium content remained constant.
At station 344 there was a sudden helium decrease on day 77, which is four days before the earthquake on day 81. The average helium content remained low until day 96 when it returned to higher values.
At station 349 the helium content began a large decrease on day 210 and continued to decrease through day 217 which is 31 days before the earthquake on day 248. After day 219 the helium content gradually increased through day 250. However there are other similar helium changes.
These graphs depict a number of anomalies that are not related to earthquakes. The large variations shown on station 305 was due to changing the source and method of collection. The sudden decrease of helium after about day 146 from station 316 is difficult to explain. This station shows the same sudden changes in May and November, 1981 (Doering and Friedman, 1982) and 1982. This may be due to changes in the acquifer due to irrigation. The wide variations on station 343 are also unexplainable and the incomplete record does .-not contribute to flading a cause. There are large excursions from the average for one day on stations 318, 321, and 349. These do not appear to be related to earthquakes. This project is being continued to monitor helium. There were no larqe earthquakes in 1982 so there is no conclusive evidence that there is a relation of earthquakes to helium changes. We thank the collectors for their faithfulness in sending in the water samples from the springs and wells. 
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